The purpose of the paper is to present the Patent Box, a tax instrument for creating innovative potential which is becoming increasingly popular in EU economies, and to analyze what impact a Patent Box can have on the level of innovation of a country's economy. To achieve this objective, two research methods are used: critical analysis of the literature and quantitative research. The literature studies involved presenting the operation mechanism of Patent Boxes and justifying (based on the theory of economics) the usage of such instruments in creating the innovation potential of an economy. The quantitative research consisted in analyzing the relationship between Patent Box instruments possessed by individual EU countries within their tax systems in the years 2011-2015 and the level of innovation in these countries expressed as outcome indicators based on the number of patents. The conducted analysis allowed the author to validate the hypothesis that the Patent Box has an effect on the level of innovation in EU countries. In Polish scientific literature there are relatively few publications addressing the issue of the operating mechanisms of the Patent Box or the economic effects resulting from the application of this kind of innovative tax policy tool. Considering the importance of innovation in making economic growth processes more dynamic, there is a need to undertake further research in this scope. The conducted research facilitates exploration of both the theoretical and empirical knowledge of the issue. Its conclusions might also prove useful in the scientific debate concerning the support provided by the state to the private sector in Poland in their efforts to embark on innovative activities.
Introduction
In the light of previous research (both theoretical and empirical), the impact of innovation on economic growth seems undeniable [NBP, 2016] . The importance of innovation processes on growth and development was already observed by J. Schumpeter, who believed that "to produce means to combine materials and forces within our reach" [Schumpeter, 1960, p. 103] , and defined economic growth as the process of creating new combinations of production factors. M. Abramowitz and R. Solow ascribed long-term economic growth to the factor of widely perceived productivity [Abramowitz, 1956; Solow, 1957] . K. Arrow, P. Romer, G. Grossman, and E. Helpman -the creators of endogenous growth models -as well as P. Aghion and P. Howitt, attached even greater importance to innovation. Not only did all these authors draw attention to the essence of innovation as a determinant of long-term economic growth, but they also stressed that innovation could be stimulated by investments in research and development, education, creation of new knowledge, and training [Arrow, 1962; Romer, 1986; Grossman, Helpman, 1991; Aghion, Howitt, 1992] .
The results of scientific research which place ever greater emphasis on the significance of innovation for the processes of economic growth and development have also been followed by appropriate economic policies. Since the second half of the 20th century, Western European countries have been adopting innovation policies aimed at stimulating their economies' innovation potentials. For the last 15 years, increasing importance has been attached to indirect forms of pursuing innovative policies, with tax incentives as the leading element [European Commission, 2009] .
The aim of this paper is to present the Patent Box, a tax instrument for creating back-end innovation potential, which in recent years has been gaining popularity in the countries of the European Union. Another aim is to analyze the relationship between the presence of such instruments as a Patent Box in a tax system and the innovation levels of EU economies. The importance of the subject of such tax incentives results not only from the possibility of using them for stimulating innovation, but also from the threats resulting from their role in international (often illegal) tax optimization [Alstadsaeter et al., 2015] .
Mechanism of Patent Box-type incentives
The Patent Box, also referred to as the Innovation Box, first appeared in France and Ireland as early as in the 1970s. Interestingly, Ireland is also the first, and so far only, country to abandon the Patent Box. It was removed from the Irish tax system in 2010 due to budget problems, but was introduced again in January 2016 [Alstadsaeter et al., 2015] . Since the early years of the 21st century the number of countries that adopted this instrument has been increasing systematically. In February 2016, as many as 13 EU countries possessed Patent Box-type tools, which constitutes almost half of the member states.
In order to thoroughly comprehend the mechanism of such instruments as the Patent Box, it is first necessary to consider the purpose of introducing them into the tax regimes of particular countries. The tasks set for the Patent Boxes in European countries vary: they can either have economic or fiscal aims. Economic purposes include supporting the formation of domestic innovations and creation of new jobs. The fiscal purposes, on the other hand, consist in reducing the erosion of the tax base: high taxation of incomes from intellectual property may motivate economic entities to register the sources of incomes in jurisdictions characterized by relatively lower taxation of revenues, e.g. in tax havens [Bradley et al., 2015] .
Depending on the stage of the innovative process, tax instruments used in innovation policies can be divided into two types: front-end and back-end (figure 1). The former include tax preferences related to incurring outlays on innovative activity. Therefore, they regard the initial stage of the innovation process, one in which the costs of the activity are incurred [Wildowicz-Giegiel, Dziemianowicz, 2015] . Among these, there are three types of instruments: accelerated amortization of the assets used in innovation activity, lower social insurance contributions of employees involved in the creation of innovation, and allowances, the amount of which is dependent on the value of the outlays on innovation (chiefly research and development). The allowance can either take the form of a deduction from the tax base or a direct reduction of the tax due.
The Patent Box falls into the category of back-end tax incentives. Instruments of this type concern the final stage of the innovation process, i.e. generating revenue. Their operation mechanism consists, therefore, in preferential taxation of revenues derived from innovation activity. In this case, the preferences can be expressed in lowered tax rates, or temporary (income tax holidays), or even complete exemption from the obligation to pay income tax in the case of some revenues from innovation activity.
FIGURE 1 Division of tax instruments used in innovation policies according to stage of innovation process
Instruments such as the Patent Box involve using preferential tax rates in relation to certain types of revenue from intellectual property or even their exclusion from taxation [Merril, 2016] . Preferential taxation of income from intellectual property contributes to the accumulation of benefits reaped by a company from creating and patenting new knowledge (figure 2).
FIGURE 2 Accumulation of market advantage thanks to Patent Box
Source: own elaboration.
Patent protection of new products or technologies in itself enables companies to achieve competitive advantages thanks to temporary technology bonuses. In those economies which adopt a Patent Box, companies achieve additional advantages in the form of increased net revenues from their innovation activity thanks to the preferential taxation of incomes from the sale of the rights to new knowledge. The accumulation of economic benefits results in increased profitability of the research and development sector, consequently strengthening the interest of the private sector in creating new knowledge.
The macroeconomic effects resulting from the application of the Patent Box can be either positive or negative. Among the positive consequences on a macro scale one can mention: greater interest in innovation, possible increase in employment in the research and development sector, possible inflow of foreign investments related to creation of new knowledge, reduced erosion of the tax base, possible increase in tax income thanks to increased volume of intellectual property in circulation, acceleration of the phenomenon of innovation diffusion (imitation) through encouraging companies to sell rights to new knowledge. On the other hand, the negative economic effects can include: a reduction of tax income, intensification of the phenomena of international tax competition and transfer of profits, as well as tax evasion on the international scale, the disturbance of the mechanism of market competition in the market of new products [European Commission, 2014] .
Economic practice shows that the construction of the Patent Box is extremely diversified, even across countries belonging to such an economically and politically integrated international organization as the European Union (table 1). The range of preferential taxation can comprise only income from patents (Malta, Greece), be extended to a minimum degree (Belgium, Cyprus, the Netherlands, Ireland, Portugal), or be extended to most income from intel- lectual property (France, Spain, Luxembourg, Hungary, Great Britain, Italy). Apart from the basic types of tax preferences regarding intellectual property, such as patents, trade marks, certificates and know-how, there are also less frequently used instruments that apply preferences also to income from: names of Internet domains (Luxembourg), names of companies and trade secrets (Hungary) or the rights to cultivate certain varieties of plants (Great Britain). The scales of preferences also vary. The least effective tax rates within the framework of the Patent Box are used in Malta and Greece, where certain revenues from patents are even subject to tax exemption. Relatively low rates in terms of their effectiveness exist in Belgium, Cyprus, the Netherlands, Luxembourg, and Hungary. In these countries, the income related to the Patent Box is subject to taxation, the rates of which are more than twice as low as in the case of other sources of revenue. In France, Spain, Ireland, Portugal, Great Britain, and Italy, the effective tax rates within the framework of the Patent Box are usually not lower than fifty percent of the basic CIT rate.
Research methodology
The aim of the conducted research was to verify the correctness of the hypothesis that the use of the Patent Box in a tax system has an impact on the level of innovation in the countries of the European Union. Therefore, analysis was required of two elements of economic reality: the use of the Patent Box by particular countries and the changes in the innovation levels of the analyzed countries in the studied period. Additionally, it proved necessary that the existence of a relationship between the analyzed factors be verified and its direction and intensity specified. The research included 27 1 EU countries. The only EU member state not analyzed was Slovenia 2 . The analysis comprised the years 2011 -2015 3 .
The analyzed countries were divided into two groups (table 2) : those which adopted Patent Boxes in the analyzed period and those which did not. The classification criterion was the functioning of the Patent Box in the tax system of the analyzed country continuously in the years 2011-2015. The countries which fulfilled this criterion were classified into the first group. The second group includes countries that did not have Patent Boxes in their tax systems in that period or did so only during a part of the analyzed time interval. These criteria result from the necessity to consider in the analysis the possible time difference between the introduction of the incentive into the tax system and the occurrence of the economic effects of this move. According to the author, the introduction of a Patent Box later than in 2011 may not have resulted in any increase in innovation level by 2015. For this reason, the countries that included this instrument into their tax systems after 2011 ought to be qualified into the second group.
The innovation level of an economy can be measured using input indicators or output indicators (figure 3). The former reflect the level of expenditures on the creation of innovations (mostly outlays on R&D). The indicator may represent global expenditures (GERD), the expenditures of companies (BERD), universities (HERD), governments (GOVERED).
Output indicators, on the other hand, reflect selected economic effects that can be associated with the innovative character of the economy. These may include: the number of scientific publications, patent applications and obtained patents, the number of doctorates, or the participation of high-tech industries in the structure of the economy. Additionally, there are synthetic indexes of innovation that include numerous fragmentary indicators, both of input and output type [NBP, 2016] .
FIGURE 3 Division of innovation indicators
Source: [Potencjał innowacyjny..., 2016, p. 23] .
For the purposes of this study, innovation levels were measured using two output indicators based on the number of patents:
-number of patent applications per $100 bln GDP, -number of patent applications per 1 mln inhabitants.
According to the author, the economic effect of innovation processes, i.e. in this case, the creation of new knowledge documented by a patent application, is reflected by output indicators better than by input indicators. Furthermore, the relative form of the indicator enables comparisons and analyses with regard to economies of various sizes. However, one needs to remember that patent indicators reflect only the amount of new knowledge in an economy, not its quality, even though the latter is of vital importance for a comprehensive view of innovative performance. The quality of created innovations cannot be measured on a national scale by means of quantity indicators. Another significant methodological limitation of the adopted indicator is the fact that not every type of knowledge is reported in the patent office and that not every type of knowledge can be regarded as innovation. As a consequence, the number of patent applications may not fully reflect the number of innovations created in an economy.
In order to illustrate the changes in innovation levels over the period in question, a dynamics analysis was also conducted for both innovation indicators on the basis of two measures:
-relative growth of the indicator in years 2011-2015: The value of both measures of dynamics was determined, both separately for each country and for groups of countries with and without Patent Box regimes in the analyzed period. A lack of considerable differences between groups would contradict the hypothesis, whereas their presence will confirm it.
Results
The popularity of the Patent Box as a basic instrument of innovation policy in the second decade of the 21 st century has been considerably increasing (chart 1). In 2011, the instrument was part of the tax systems of 8 countries: Belgium, France, Greece, Spain, the Netherlands, Luxembourg, Malta, and Hun-gary. In 2012, this group was joined by Cyprus, and one year later, by Great Britain. In the years 2014 and 2015, the Patent Box was introduced in Portugal and Italy, respectively. In 2016, the group of countries where this instrument was used also included Ireland, i.e. 13 EU member states had adopted the instrument.
CHART 1 Application of Patent Box in EU, years 2011-2015
Source: own elaboration based on: [2012 [ Global..., 2012 Global..., 2013 Global..., 2014 Global..., 2015 A Study..., 2014; Global Research..., 2016; Global Survey..., 2011; Worldwide R&D..., 2013; Worldwide R&D..., 2014] .
In accordance with the adopted research methodology, 8 countries which introduced this instrument before 2012 were included in the group of countries using the Patent Box (table 3) . Those countries which introduced it in the later period, i.e. Cyprus, Slovakia, Great Britain, Portugal, Italy, and Ireland were qualified into the second group, together with 13 other countries that did not apply such instruments. The innovation levels of the analyzed countries were characterized by considerable changeability in the years 2011-2015. The country with the largest number of patent applications per $100 bln GDP (chart 2) in 2011 was Germany (2,124). The value of an indicator higher than 1,000 in 2011 was also recorded by Finland (1,485), Denmark (1,398), Sweden (1,359) , the Netherlands (1058), and Austria (1,052). The lowest level of an indicator in that year was found in Lithuania (157) The analyzed countries were characterized by considerable differences as regards the number of applications per 1 mln inhabitants (chart 3), both in 2011 and in 2015. The highest value of an indicator in 2011 was observed in Germany (895), Luxembourg (876), Denmark (605), Finland (598), and Sweden (594). The lowest value of the indicator in the analyzed group was recorded in Lithuania (35), Bulgaria (38), and Cyprus (46) . In 2015, five countries recorded the value of the indicator higher than 500. These were: Luxembourg (951), While analyzing the changes in the innovation levels of the analyzed countries as expressed by the output indicators based on the number of patents in years 2011-2015, divided into those with (group 1) and without (group 2) the Patent Box, it must be said that changes in both groups were not homogenous. The number of patent applications per $100 bln GDP (table 4) increased in 5 countries from the first group, which accounted for 62.5% of the group. In 3 economies using Patent Box regimes in the analyzed time period, a reduction in the value of the indicator was recorded. Among 19 countries which did not have Patent Boxes, in the case of 8 economies increased values of the indicator were recorded, whereas in the case of 11 there were decreases in these values. The number of patents per $100 bln GDP increased and decreased respectively in 42.1% and 57.9% of the countries from the second group. The value of the indicator increased on average by 2.54% in the countries from the first group in the years 2011-2015. In those countries which did not use Patent Boxes, the average trend (as regards change) was opposite and a decrease of 3.54% was recorded. The average annual rate of the indicator's growth in the analyzed time period ranged from +1.37% to -1.44% for the countries from the first group and the second group, respectively. The number of patent applications per 1 million inhabitants increased in the years 2011-2015 in 5 of the countries with Patent Boxes. In three countries from this group, there was a decrease. On the other hand, in the economies without Patent Boxes, the changes were more homogenous: 9 countries recorded increases, while 11 others -decreases. The value of the indicator increased from 2011 to 2015 on average by 14.22% and 0.69%, in countries with and without Patent Boxes, respectively. The average annual rate of growth ranged from +2.42% and -0.37% for the first and the second group, respectively.
Conclusions
Among tax incentives related to innovation activity, which are becoming increasingly significant in the economic policies of the European Union countries, such instruments as the Patent Box are particularly popular. While in 2000 this instrument was used in only two EU member states, by 2016 their number had increased almost seven-fold.
The analysis of empirical data conducted in the research shows that both the average dynamics of the indicator reflecting the number of patents per $100 bln GDP and that of the indicator showing the number of patents per 1 million inhabitants in the years 2011-2015 was considerably higher in countries which had adopted the Patent Box into their tax systems. The countries without this instrument were on average characterized by considerably lower or negative dynamics of innovation indicators based on the number of patents. Therefore, the conclusions which can be drawn from the analysis confirm the research hypothesis in accordance with which the Patent Box has an impact on the innovation levels of the European Union countries.
However, it needs to be emphasized that the character of the observed changes in both groups is not homogenous. Both among countries with Patent Boxes and without them, there were those which recorded increased values of the studied indicators and those which suffered a decline in the number of submitted patents. The author believes that this could have been caused by the differences in other determinants of the innovation levels of the analyzed countries, such factors as: legislation regulating the procedures of granting patents, innovation policies conducted in individual countries, or the quality of human capital may have a considerable impact on innovation levels.
When interpreting the conclusions from the research, it should be noted that the use of such an instrument as the Patent Box does not guarantee an increase in the innovation level, even though it does have an influence on it. A number of other determinants of the innovation potential, such as the existence of other instruments of innovation policy, or the quality of their functioning, can even contribute to a decrease of the innovation level in the country using this type of tax incentive. Therefore, it is necessary to emphasize the necessity to conduct
